Background: Dyssynergic defecation (DD) is present in approximately 30% of patients with idiopathic chronic constipation (CC). Diagnostic criteria for DD require objective testing such as anorectal manometry (ARM); yet, ARM remains a limited resource in Canada. The aim of this study is to determine the predictability of DD in patients with CC using a standardized self-reported symptom questionnaire. Method: In this study, 166 consecutive English-speaking patients with CC who were referred for ARM completed a symptom questionnaire. DD was diagnosed if pelvic floor dyssynergy was demonstrated by ARM and balloon expulsion time was more than one minute. Likelihood ratios (LRs) were calculated for individual symptoms and prespecified symptom combinations. Likelihood ratios greater than five or less than 0.2 were considered significant. A recursive partitioning tree was used to find the symptoms best able to predict DD. Results: No single constipation symptom was sufficient to predict a diagnosis of DD. Patients who reported sometimes feeling an urge to defecate and a prolonged straining duration of greater than five minutes were more likely to have DD (LR = 7.74). In patients who reported straining often or always and had a short straining duration of less than two minutes, the diagnosis of DD was less likely (LR = 0.04). The recursive partitioning tree analysis similarly identified a sense of urge with a prolonged straining duration as predictor for DD, as well as an incomplete evacuation as another potential predictor. Conclusion: Questions regarding need to strain, duration of straining, urge to defecate, and incomplete evacuation are useful to predict the presence of DD in patients with CC. These questions will enable clinicians to make a clinical diagnosis of DD to guide treatment.
INTRODUCTION
Idiopathic chronic constipation (CC) is a common digestive health problem affecting between 16% and 33.5% of adults in North America (1) . The American Gastroenterological Association (AGA) recognizes four clinical subgroups of CC including normal transit, slow transit, dyssynergic defecation (DD) and a combination disorder (1, 2) . DD can be found in up to 30% of patients with CC and occurs more often in female patients (3, 4) . DD is a disorder of ano-rectal function and occurs when there is impaired relaxation or inappropriate contraction of pelvic floor muscles with attempted defecation (5) . It is important to distinguish those patients with DD from those with other forms of CC, as those with DD have been shown to benefit from biofeedback therapy as compared with sham biofeedback (6) and conventional therapies such as polyethylene glycol-based laxatives (7) , diet modification (7) and diazepam (8) .
DD can be diagnosed in patients who satisfy the Rome diagnostic criteria for functional constipation or constipation predominant irritable bowel syndrome and who demonstrate impaired evacuation on balloon expulsion test (BET) or defecography, contraction of the anal sphincter inappropriately, or <20% relaxation of sphincter pressure on anorectal manometry (ARM), imaging or electromyography, and/or evidence of inadequate propulsion on ARM or imaging (9) . Using these criteria, the diagnosis of DD is typically made using ARM with BET (10) . However, the accessibility of this test remains limited to specialized tertiary centers in Canada. A recent Canadian national survey indicates that even though ARM is accessible to 83.9% of academic gastroenterologists and 35.0% of community gastroenterologists; BET is only available to 35.5% and 23.3%, respectively (11) . Due to this limited accessibility, it is important to develop strategies to clinically determine which patients with CC would benefit most from further investigation with ARM or an early referral for biofeedback therapy-or both. This would allow for optimizing referral of patients with CC to specialized centers where these diagnostic and treatment programs are offered.
Digital rectal exam (DRE) has been shown to be accurate to positively identify patients with DD. In these studies, evidence of dyssynergia on DRE was determined by having two of the following: paradoxical anal sphincter contraction, inability to contract the abdominal muscles, ineffective anal sphincter relaxation, or absence of perineal descent. Two studies demonstrated a positive predictive value over 90% (12, 13) . However, these studies were performed in a tertiary referral center. It is unclear whether these results can be generalized to other health care practitioners in other settings.
Though patients with DD often complain of excess straining and need for digital manipulation to allow defecation, there is limited data illustrating that patient symptom history alone is helpful in distinguishing DD from the other subtypes of CC (10) . Several studies have demonstrated that no particular symptom was useful in identifying patients with DD and that there was often significant symptom overlap between DD and other CC subtypes (14) (15) (16) (17) (18) . One study attempted to use a constipation scoring system to diagnose constipation and to distinguish among the various CC subtypes. It was found that this particular system was effective in diagnosing constipation but not in distinguishing DD from other forms of CC (19) .
The purpose of this study is to determine if a set of standardized questions regarding constipation symptoms can be used to predict which patients with CC are more likely to have DD, thus aiding in appropriate referral to specialized centers for further investigation or therapy.
METHODS

Patient Population and Selection
This study was approved by the research ethics board at the University Health Network in Toronto, Ontario. In this prospective observational cohort study, consecutive Englishspeaking patients with CC who were referred to the motility laboratory in our center for ARM and BET between January 1, 2012, and January 1, 2014, were included in the study. Prior to the ARM and BET, all patients were asked to independently complete a 17-question questionnaire (Appendix 1) regarding a variety of CC symptoms based on the Rome III diagnostic criteria, such as frequency of bowel movements, sensation of the urge to have a bowel movement, the need to strain, the feeling of incomplete evacuation, feeling of obstruction during defecation and the need for digital manipulation to have a bowel movement. Additional data, including patient age, duration of constipation symptoms and stool form using the Bristol Stool chart, were collected.
Anorectal Manometry and Balloon Expulsion Testing
All patients underwent ARM (Sierra Scientific Instrument, ManoScan 360, Model A100) and BET according to department standard protocol. A single operator performed the ARM and BET. The anorectal manometric pressure profile was measured using a 10-cm solid state catheter with 12 sensors (Given Imaging, Duluth, GA, USA). The average of three attempts at bearing down was used to determine residual anal sphincter pressures, percent anal sphincter relaxation, intra-rectal pressures and the recto-anal pressure gradient during attempted defecation. Subsequently, the BET was performed where a non-latex balloon was inserted in the rectum and subsequently filled with 50 mL of water. The patient was then instructed to bear down as if defecating while sitting on a commode. The time required to expel the balloon was recorded. All data were collected and analyzed using the Manoview AR TM software V2.0 (Given Imaging). The presence of DD was defined by diagnostic standard (i.e., the presence of paradoxical anal sphincter contraction or impaired increase in intra-rectal pressure during staining, as well as a prolonged balloon expulsion time greater than one minute).
Statistical Analysis
Sensitivity, specificity, positive and negative predictive values and likelihood ratios (LRs), along with their 95% confidence intervals (CIs), were calculated for individual symptoms of constipation. LRs and CIs were also calculated for prespecified combinations of clinically relevant symptoms as determined by a local expert. LRs greater than five or less than 0.2 were considered clinically relevant. The preselected combinations of symptoms that were chosen included the following symptoms: the urge to have a bowel movement, the need to strain with a bowel movement, the frequency of a sensation of urge and need to strain, the strain duration, the use of digital manipulation and the sense of incomplete evacuation.
Subsequently, a recursive binary partitioning tree analysis was performed using the rpart library in R version 3.0.3. This approach automatically finds combinations of questionnaire responses that identify groups of patients with a similar diagnosis; it is of particular interest to determine whether this automatic procedure identified any of the prespecified combinations. Thirteen questions (question 5-17 of the questionnaire, Appendix 1) were entered as potential predictors, and model performance was evaluated with a 10-fold cross-validation. The final tree presented is the one whose size gave the smallest cross-validation error.
RESULTS
A total of 166 consecutive patients were included in the study. Three patients were excluded due to incomplete questionnaires. Among the 163 patient records used for the analysis, 138 (79.8%) were female, and the average age was 50.1 ± 18.1 years. There were 87 patients (53.4%) diagnosed with DD based on the results of ARM and BET.
When the individual constipation symptoms were analyzed independently, there was not one single symptom that was strong enough to predict the presence or absence of DD (Table 1) . When the combinations of symptoms were examined, the combination of frequently having the urge to defecate and requiring a prolonged strain duration of greater than five minutes was found to be useful in predicting the presence of DD, with an LR of 7.74 (Table 2) . On the other hand, having a need to strain during defecation and a short strain duration of less than two minutes (LR of 0.04, Table 3 ) was useful in ruling out the presence of DD. The other preselected combinations of symptoms of urge to have a bowel movement, need to strain with a bowel movement, digital manipulation, the frequency of a sensation of urge and need to strain, strain duration, and sense of incomplete evacuation were less useful in predicting the presence of DD, having LRs that were between 0.2 and five (data not shown).
The recursive partitioning tree analysis (Figure 1 ) identified that the need to strain, strain duration and a sense of incomplete evacuation were useful to predict the absence of DD. This approach found that patients who reported having a strain duration of less than two minutes despite reporting the need to strain often or always with bowel movements were unlikely to have DD (4.5%, one out of 22). In patients who strained infrequently (never, occasional, sometimes) with bowel movements and a strain duration of less than two minutes, the addition of the lack of a sensation of incomplete evacuation probably helped to identify those less likely to have DD (31.3%, five out 
DISCUSSION
This study demonstrates that although no single constipation symptom alone is sufficient in ruling in or ruling out the presence of DD in patients with chronic constipation, the combination of the presence of a sense of urge and a prolonged straining duration is predictive of the diagnosis of DD. Using the recursive partitioning tree analysis, it identified that patients who reported to strain frequently with defecation and having to strain with a duration of less than two minutes are less likely to have DD (4.5%). This was similarly illustrated when the combinations of constipation symptoms were analyzed; the LR of having DD was found to be 0.04 when a patient reported a need to strain during defecation with a strain duration of less than two minutes. Having two different independent analyses reaching the same conclusion increases confidence in this prediction rule. In addition, these observations are consistent with our clinical experience in managing patients with chronic constipation. To identify patients with DD, we found that the sense of urge to defecate with a prolonged strain duration during defecation is predictive of a diagnosis of DD. The LR of DD was 7.74 when patients reported a sense of urge to defecate and a strain duration of more than five minutes. This is in parallel with the concept of the current diagnostic criteria for DD when a prolonged BET is used for making the diagnosis. Furthermore, the automated recursive tree-based analysis model also identified that a sense of incomplete evacuation may also be a helpful question to identify those patients with CC who have DD. This is borne out clinically where patients who have a diagnosis of DD often complain of unsatisfactory bowel movements with a sense of incomplete bowel movements or a sensation of retained stool after defecation. Previous studies have shown that DRE has a very high positive predictive value for DD (12, 13) . We believe that a combination of DRE with the clinical history of a prolonged strain duration with a sense of urge and a sense of incomplete evacuation will promote a more timely and accurate diagnosis of DD (Figure 2) . We suggest that a patient presenting with CC who describes a sense of urge with defecation and a straining duration of less than two minutes is unlikely to have DD, and hence, the treatment algorithm for slow transit CC (20) should be used once adequate fiber intake is assured. If the patient does not respond satisfactorily with an adequate trial of medical therapy, objective testing to determine if the patient has pelvic floor dyssynergy should be pursued. In patients with a prolonged strain duration of greater than five minutes with a sense of urge to defecate and DRE revealing pelvic floor dyssynergy, the likelihood of having a diagnosis of DD is high. Thus, ARM and BET are not required to confirm the diagnosis before referring patients for biofeedback therapy in addition to standard therapy for the management of chronic constipation (20) . In addition, the presence of a sensation of incomplete evacuation on history may further help determine the likelihood of the diagnosis of DD in patients with CC. In those that do not respond to biofeedback therapy in this setting, further pelvic floor assessment with ARM and BET should be pursued to guide management. If a patient has a history suggestive of DD but a negative DRE for DD, further investigation with ARM and BET to ascertain the diagnosis of DD is suggested.
Although this study was performed in a single tertiary referral centre that specializes in motility and functional gastrointestinal disorders, direct referrals from community physicians are accepted, and thus, the study results are likely generalizable to a broader patient population with CC. Nevertheless, some of the patients in this study were treatment refractory CC patients. Further study with larger number of patients will be worth undertaking to validate these questions in a more general population of patients with CC, such as those seen in family practice or in a general gastroenterology clinic. Furthermore, this was a relatively small sample size and confidence intervals, as a result, were wide. A larger sample size may have allowed us to determine if the sense of incomplete evacuation is truly of predictive value in determining a diagnosis of DD as suggested by the recursive binary partitioning tree analysis.
CONCLUSION
Our study presents novel data illustrating that patients self-reporting constipation symptoms using a standardized questionnaire is useful in predicting DD in patients with CC. The reported combination of a prolonged strain duration of greater than five minutes with a sense of urge to defecate helps to rule in the diagnosis of DD; whereas, having an need to strain but a shorter strain duration of less than two minutes helps to rule out the diagnosis of DD. We recommend that clinical history elucidating the need and duration of straining in combining with the sense of urge during a bowel movement should be determined in all patients presenting with CC as a way to clinically decide if DD is a cause of their CC. This would allow clinicians to make a timely diagnosis to implement an appropriate treatment program, including biofeedback therapy or a referral for further investigation with ARM and BET.
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